Leishmania major and Leishmania braziliensis both cause cutaneous leishmaniasis, but the former kills BALB/c mice while the latter is killed by the mice. This killing of L. braziliensis occurred by a gamma interferon-dependent mechanism, potentially made possible by the observed lack of high interleukin-4 production.
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organisms) was used; a dose of 10 7 L. major organisms would have overwhelmed the mice so rapidly that there would not have been sufficient time to compare the courses of infection with the two species of parasites. Using this approach, we found that the majority of both species were killed within the first 3 days of infection. At this time the numbers of parasites remaining in the developing footpad lesions were similar for the two species (parasites were enumerated by limiting-dilution analysis; for techniques, see reference 11): 1.4 ϫ 10 within the first few days of infection has been reported before (22) . Beyond day 3 postinfection, L. major replicated to achieve a 712-fold expansion by day 42 postinfection. In contrast, L. braziliensis doubled its numbers by day 7 postinfection and thereafter was gradually destroyed, so that beyond day 42 postinfection the parasite could not be detected. Cutaneous lesion development directly correlated with lesion (footpad) parasite burden. L. major induced a rapid increase in footpad size, such that by day 42 postinfection, footpad thickness had tripled and lesions had become ulcerated and necrotic (at which point the animals were sacrificed). L. braziliensis induced modest (never more than a 50% increase in footpad thickness) lesions that were nodular and never ulcerated. Production of Th1-and Th2-associated cytokines by BALB/c mice infected with L. major or L. braziliensis. Cytokines play counteracting roles in the control (e.g., IFN-␥) or exacerbation (e.g., IL-4) of L. major infection. Therefore, we determined the cytokines produced by lymph node cells taken from BALB/c mice infected with either L. major or L. braziliensis. Three to five mice from each group were killed for evaluation at various times postinfection. Single-cell suspensions were prepared from the lymph nodes draining the lesion, and the cells were placed into culture as described elsewhere (20) . To assess IL-4, IL-10, and IFN-␥ production, culture supernatants were harvested 72 h later (a time when peak production of the cytokines was achieved) and analyzed for the presence of the cytokines by using enzyme-linked immunosorbent assays (ELISA) described elsewhere (5, 20) . For tumor necrosis factor alpha (TNF-␣) production, culture supernatants were harvested 6, 24, 48, and 72 h later and analyzed for TNF by ELISA (capture and detection antibodies and recombinant TNF standard were obtained from PharMingen [San Diego, Calif.]).
Because IFN-␥ plays a protective role in leishmaniasis and because BALB/c mice cure an infection with L. braziliensis, we anticipated that these mice would produce more IFN-␥ than BALB/c mice infected with L. major. BALB/c mice were infected with L. braziliensis or L. major, and at varying times after infection (day 3, 7, 21, or 42), the lymph node cells draining the lesion were assessed for IFN-␥ production. The levels of IFN-␥ produced were not different. L. braziliensis elicited 27.8 Ϯ 13.5 ng of IFN-␥/ml of culture supernatant, while L. major elicited 17.7 Ϯ 7.3 (the numbers were obtained by averaging the amounts of IFN-␥ produced at the four time points Ϯ standard deviation [SD] ). Using the same approach, we also found that C3H mice infected with L. braziliensis produced an average of 47.9 Ϯ 32.2 ng of IFN-␥/ml of culture supernatant. Analysis of IL-10 production yielded results similar to those for IFN-␥; L. braziliensis elicited 2.1 Ϯ 1.5 ng of IL-10/ml of culture supernatant, and L. major elicited 2.9 Ϯ 1.8 ng/ml. Finally, TNF-␣ production in response to infection with either species of parasite was not detected. This inability to detect TNF-␣ production was not due to technical failure, since C3H mice produced substantial levels of TNF-␣ following infection with L. braziliensis (e.g., 257.7 pg/ml of culture supernatant at day 3 postinfection).
IL-4 plays a central role in the susceptibility of BALB/c mice to infection with L. major. Therefore, since BALB/c mice heal an infection with L. braziliensis, we predicted that less IL-4 would be produced by these mice. Significantly (by analysis by nonpaired t test; a P value of Ͻ0.05 was considered significant) less IL-4 (10-to 15-fold) was produced in response to infection with L. braziliensis than in response to infection with L. major, and by day 42 postinfection, L. braziliensis-infected mice did not produce detectable levels of IL-4 (Table 1) . It should also be noted that when C3H mice are infected with L. braziliensis, the mice develop barely perceptible cutaneous lesions and never make a detectable IL-4 response (data not shown).
The course of cutaneous lesion development following infection with L. braziliensis in BALB/c mice treated with either anti-IFN-␥ or anti-IL-4 antibody. Because IL-4 can inhibit the protective effects of IFN-␥ in mice infected with L. major (7, 9) , and because L. braziliensis-infected BALB/c mice produced significantly less IL-4 than L. major-infected BALB/c mice (Table 1) , we hypothesized that the amount of IFN-␥ produced by L. braziliensis-infected mice might be sufficient to control infection. Therefore, we treated L. braziliensis-infected mice with a neutralizing anti-IFN-␥.
First, we tested the potency of our neutralizing anti-IFN-␥ preparation (anti-IFN-␥ was purified from the ascites fluid of the anti-IFN-␥-producing hybridoma XMG1.2 [a gift from R. Coffman, DNAX, Palo Alto, Calif.] by salt precipitation [17, 18) by determining whether it would prevent C3H/HeJ mice (National Cancer Institute) from healing an infection with L. major as reported by others (3). Our anti-IFN-␥ preparation converted C3H mice into animals completely susceptible to infection with L. major (see Fig. 1, inset) . Since C3H mice produce considerably more IFN-␥ than BALB/c mice following infection with L. major (16) , and since BALB/c mice produce equivalent amounts of the cytokine following infection with either L. braziliensis or L. major, our preparation of anti-IFN-␥ would be more than sufficient to neutralize IFN-␥ in BALB/c mice infected with L. braziliensis.
Treating L. braziliensis-infected BALB/c mice with anti-IFN-␥ (by intraperitoneal injections of 1.0 mg of XMG1.2 on the day of infection and at weekly intervals thereafter until the completion of the experiment) significantly enhanced lesion size and prevented the mice from resolving their infection (Fig. 1) . a Average Ϯ SD of cytokine levels measured in three independent experiments. ‫,ء‬ statistically significant difference (P Ͻ 0.05) by nonpaired t test. ND, none detected.
In addition, anti-IFN-␥ treatment caused mice to produce more IL-4 in response to infection with L. braziliensis. For instance, at 2 weeks following infection, lymph node cells draining the lesion in treated mice produced 58.5 Ϯ 1.6 pg of IL-4/ml (mean Ϯ SD) when the cells were restimulated in culture with L. braziliensis. In contrast, untreated control mice produced 10.8 Ϯ 1.6 pg of IL-4/ml, or 5.4-fold less IL-4 (in cultures not restimulated with L. braziliensis, no IL-4 was detected). Finally, by day 144 of infection, anti-IFN-␥ treatment had markedly enhanced parasite burden in the lesions (122 parasites/lesion in control mice versus 43.5 ϫ 10 6 in treated mice, which is a 356,557-fold difference), which resulted in systemic infection with L. braziliensis, as evidenced by the fact that large numbers of the parasite (3.58 ϫ 10 4 ) could be detected in the opposing (uninfected) footpad (Fig. 1) . It is possible that parasites could be isolated from the opposing footpad because the L. braziliensis strain used (LTB-111) was originally isolated from a cutaneous lesion. Therefore, the parasite may prefer the lower temperature of cutaneous sites. Taken together, these data suggest that an IFN-␥-dependent mechanism is responsible for the killing of L. braziliensis by BALB/c mice.
IL-4 exacerbates disease in L. major-infected BALB/c mice (15) . This predicts that neutralizing IL-4 in mice infected with L. braziliensis would lessen disease severity. Lesions on anti-IL-4-treated mice (for techniques, see reference 10) infected with L. braziliensis resolved in half the time and never were greater than 20% of the size of lesions on control mice (data not shown).
These data suggest that the weak infectivity of L. braziliensis for mice may be due to the inability of the parasite to elicit strong and sustained IL-4 production in the animals. Alternatively, it is possible that L. braziliensis is unable to elicit the production of other cytokines that inhibit the development of a Th1 response. IL-10 inhibits Th1 development; however, BALB/c mice produced equivalent amounts of IL-10 following infection with either L. braziliensis or L. major (see above). Transforming growth factor ␤ (TGF-␤) also inhibits Th1 responses. TGF-␤ correlates with susceptibility to infection with both L. braziliensis (2; reviewed in reference 13) and L. major (19) . However, we have been unable to detect TGF-␤ (protein or mRNA, in vitro or in vivo) following infection with L. braziliensis. Since different isolates of L. braziliensis vary in their ability to induce TGF-␤ production (1), it is possible that LTB-111 is a poor inducer of TGF-␤.
In conclusion, the data presented here extend the Th1 (protective)/Th2 (exacerbative) paradigm in leishmaniasis established by injection of different mouse strains with L. major. However, the approach taken here is unique. The Th1/Th2 paradigm with L. major was formulated by injecting different mouse strains with the parasite or by injecting the same mouse strain with the parasite followed by intervention with neutralizing anti-cytokines (anti-IL-4 or anti-IFN-␥) (reviewed in ref- erences 4, 8, 13, 14, and 21) . Here, the same mouse strain (BALB/c) was injected with two leishmanial species that cause cutaneous disease; parasites that elicited a strong Th2 (IL-4) response survived (L. major), while those that did not (L. braziliensis) were killed. The technical assistance of Monica Estay and Julie Bleyenberg is gratefully acknowledged.
